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WATIONAL ADVISORY COMITTEE FOR AERONAUTICS.
TECHNICAL XOTE NO. 304.

CORROSION EMBRITTLEMENT OF DURALUEIN.
V. RESULTS OF WEATHER EXPOSURE TESTS.

By Henry 8. Rawdon.

Lizht aluminum alleys of the duralumin type, that is, high-
strength wrought alleys whose properties can be improved decid-
edly by heat treatment are of very great importance, especially
in the form of sheet and tubes, for aircraft construction. The
permanence of such materials when exposed to corrosive condi-
ticns such as may obtain in aircraft service should be known,
however, with a high degree of certainty and precautlonary meas—
ures taken to guard against any possible serious deterioration
in service. To obtain reliable information along this line an
investigation, the results of which form the tasis of this ser-
ies of reports (Reference 1), has been carried out at the Bureau
of Standards in cooperation with the National Advisory Committee
for Aeronautics, the Bureau of Aeronautics cof the Navy Depart-
ment, and the Army Air Corps. The leading manufacturers have
also participated in the investigation by furnishing practically
all of the materials needed. The investigaticn, which was start-
ed in the latter part of 19235, i% etill in progress and final

and complete answers have not been reached cn all points concern-
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ing the permanence of duralumin in service. .The information
which has been obtained, however, is of very considerable value
to both manufacturers and users of aircraft and its publication
at this time vould seem to be warranted although possibly soine
2T the statements made may be modified slightly in the 1lizkt of
future results.

Introduction

The conclusions expressed in the preceding reports of this
series (Reference 1) concerning the deteriorating effect of in-
tercrystalline corrosion on the tensile properties of sheet dura-
lumin have been based upon the behavior of the material when
subjected to conditions in the laboratory favorable to acceler-
ated corrosion. '

Any laboratory corrosion test, as judged from the practical
point of view, is valuable only %o the extent that it foretelles
what will, in all probability, occur in service. Such a test is
most properly to be considered as a '"pilot test," that 1s, a
test which indicates the direction along which acticn may be
expected to occur rather than as a truly quaantitative test which
would be expected to tell just how and to what extent the action
would proceed. It is generally recognized that laboratory corro-
sion tests should be chosen with particular reference to the

character of service expected for any particular type of metal,

so far oce it can be foreseen. Even when this requirement has
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been fulfilled, however, the question whether the actual service
behavior of the materiel is in accordance and general agreement
with predictions based upon such laboratory tests is always a
pertinent one.

In this report agre given the results which have been ob-
tained, up-to-date, in thé weather-exposure tests carried out
on material of the same kind as wgs used in the laboratory cor-
rosion tests. Although these exposure tests have not been com-
pleted, in the sense that all of the tests in the series initi-
ally laid down, have been accomplished, still the general trend
shown by the results is so clear that a number of definite con-
clusions at this stage (subject, -of course, to possible modifi-
cation in the light of later results) are believed to be war-

ranted.
II. Resume of the Results of Laboratory Tests

The fact is now well established that some sheet duralumin¥*,
as well as some other high-strength aluminum alloys, under some
conditions of use does not maintain itg initial properties
without impairment. The change may in some casesbe very pro-
nounced, indeed. This change as shown by the tensile proper-
ties, consists essentially in a marked lowering of the
ductility of the material accompanied by a somewhat smaller pro-
portional decrease in the tensile strength. Unlike the atmos-

pheric corrosion of iron or steel, the change which may occur

*The name "duralumin'" is used here as referring to the class of
heat-treatable aluminum alloys in which the essential alloying

elements are copper, magnesium, silicon and manganese, and not

to the product of any particular manufacturer.
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in sheet duralumin is not accrmpanied by any very marked surface
indications.

A short resume of the important facts estabiished by the
laboratory study will suffice as a basis for the correlation of
these results with theose which have been obtained in the weather-
excosure tegis. The resulits of the laboratory corrosion tests
of sheet duralumin have established, beycnd all reasonable doubt,
the follewing facts!

1. The change in sheet duralumin whereby the material is
rendered relatively weak and brittle 1s a corrosion phenomenon
localized along the grain roundaries and nét a "spontaneous'" in-
ternal charge within the alloy such as, for example, a delayed

phase changs.

2. While this effe~t has teen produced in the laboratory,
tc some extent at least, in all the compositions used, the pres-
ence of the constituent formed by the allaying of aluminum with
copper appears -to be most closely associated with this form of
attack.

3. Chloride scluti-ns are most potent in causing an inter-
crystalline attack. Sclutiens c¢f the other halogens act simi-

larly but are less active.

4. The rate of attack is accelerated by an increase of the

temperature., At 7COG, the effect in dilute sclutiens was approx-

imately four timeé that at room temperature in the same solutions.



N.A.C.A. Technical Necte No. 304 5

5. The ordinary loss—of-weight method for'determ;ning the
corrosion rate is not arplicable in this problem. The testing
of full-size tension bars after different degrees cf attack is,
by far, the best methecd to use. fertainly this method is prac-
tically the only one which will give reliable information as to
the change in the mechanical properties cf the metal, which s

the information mneeded in this particular case.

-

3. In oxder to develop its highest tensile properties,
duralumin st bg Leat treated. The method by which the heat
treatment is carried out is very intimately related to the sus-—
ceptibility of the heat treated duralumin sheet to embrittle-
ment by intercrystalline attack. The heat treatient of duralu~.
min consists essentially in two operations, quenching and aging.
Heat treated sheet duralumin for which the quenching has been
done in cold water is far more resistant to Intercrystalline
attack than the same which has been quenched in hot water before
aging. UFeat treated material for which the aging process has
been accelerated by using an elevated temperature is much less

resistant than if the aging is done at room temperature.

7. Cold-working of sheet duralumin by stretching, bending,
and the like results in a condition which is somewhat favorable
te intercrystalline corrosion, but this feature is a mimor fac-

tor as compared with the differences in corrosion resistance

which. may result from improper heat treatment.
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8. Properly heat treated sheet duralumin is not necessarily
corrosion proof. OCorrosion of the crdinary type may be expected

to ocour, hence, the need of protective ccatings.

9. Oxide coatings formed by electrolytic treatment ("anodic
process') as well as similar related cnatings afferd only very
1ittle protectiom in themselves. They must be kept well greased.
The type of grease used is of sececndary importance, the Irequency

of renewal is of prime importance.

10. Coatings of the spar varnish type are cf only slight
value. The addition of aluminum powder, however, reduces.very
greatly the permeability of such coatings to atmospheric moist-—
ure and also retards the deletericus effect of 1light on such
coatings. Clear and pigmented varnish ccatings as well as bitu-
mastic enamel expoged in various solutions in labératory COTTO—
slon tests failed by blistering. Aluminum pigmented rubber coat-
ings have given excellent performance in laboratory corrosion
tests.

11. Metallic aluminum coatings produced either by the
metal spraying process or by rolling a duplex slab having a
duralumin core and aluminum surfaces into sheet form, thereby
producing a coating which forms an integral part of the finished
sheet have given most excellent results. - Protection of the Hcut"
edges of aluminum coated duralumin sheets appears not to be nec—

essary if the sheet has been properly heat treated.



N.A.C.A. Technical Note No. 304 7
I1I. Methods of the Exposure Tests

The exposure tests, like those in the laboratory, were car-
ried out upon full-size tension bars of sheet duralumin, 14-
gauge material being used for nearly all of the tests. The
chemical compositions of the different materials which include
only commercial materials (in a few cases slightly modified) N
are summarized in Table I.

The specimens to which coatings were applied before expo-
sure were heat treated by hot water quenching. According to
the previous laboratory tests, such material would be expected
to show a relatively low resistance to corrosion, hence, a break-
down of the "protective! coating under atmospheric influences
would be expected to be shown by the change in the properties
of the basic metal at a relatively early stage.

A preliminary set of exposure tests, started before the
laboratory tests had progressed sufficiently far to show the
" pronounced influence of heat treatment upon the corrosion-
resistance of sheet duralumin, was carried out with cold-water-
quenched duraslumin. The results of this seriecs of tests are of
value principally for their confirmation of the conclusions con-
cerning the inter-relation of corrosion-resistance and mode of
heat treatment used for duralumin. The results obtained, how-
ever, do not warrant the drawing of any very definité conclusions

concerning the protective value of different coatings applied to

cold-water—-quenched duralumin sheet.
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The exposure test racks were installed at three different
locations representative of quite widely varying weather condi-
tions. The locations are as follows: Naval Air Station, Coco
Solo, Canal Zone; Naval Air Station, Hampton Roads, Virginia;
and Bureau of Standards. The Coco Solo rack is illustrated in
Figure 1. This rack, inclined as shown, faced the south and
was situated on the breakwater. The Hampton Roads Track was sit-
uated in a very similar manner on a platform attached to the
side of the pier, well above the high water line. The Bureau
of Standards rack was located on the roof of one of the build-
ings and faced the south but, as shown in Figure 3, was raised
only slightly above the horizontal position. The test bars were
held in place in the cypress exposure rack at each énd of the
bars by a narrow strip of wood together with an outer reinforc-
ing stTip of sheet aluminum, both of which were fastened to the
rack by screws at intervals of a foot or soc. In addition to
these three sets of specimens, a fourth set was kept in the lab-
oratory in sealed glass containers. Soda lime was used to main-
tain a dry atmosphere within the containers, the specimens being
supported on end on a grid of galvani;ed wire mesh placed well
above the soda lime.

No change was made in the position of the specimens in any
way during the exposure period. Necessarily, the exposure of

the two surfaces of the specimens was therefore, not the same.
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In this respect, however, the exposure tests paralleled sexrvice
conditions more closely than did the laboratory corrosion tesis.
In Table II are listed the different sets of specimens used
in the exposure testef together with their initial tensile prop-
erties, and the treatment given to each, such as modifications
in heat ireatment, cold woTking, coating process and the like.
Each set of specimens representative of each of the different
variables cdnsisted, in most cases, of ten specimens. In a few

cases, a smaller number was used.
IV. Results

In Table III are given the results obtained in the prelimi-
nary set of weather—exposure tests (Hampton Roads Naval Ai.r
Station) with cold-water—quenched duralumin sheet. These re-
sults are included for comparison with those of the more exten-
sive series of tests carried out at seve&al different locations.

At successive intervals of several months, as shown in
Figure 4, one specimen from each set of specimens from each of
the racks was removed for testing. The tenéile properties of
the exposed specimens were determined and an examination of the
microstructure made to determine whether or not intercrystalline
corrosion had occurred. The appearance of the specimens shown
in Figure 3 is typical of the results produced by exposure to
the weather. In the Hampton Roads tests the surface change was

somewnat less marked than was the case in the Coco Solo tests
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and in the Bureau of Standards exposure specimens the change was
very much less marked. It is quite evident from Figure 3, with-
out further discussion, that only in a qualitative sense can the
surface appearance of the exposed bsrs be used as a measure of
the effect of corrosion on the underlying metal.

The results of the tension tests of the exposed specimens, o
up-to-date, are summarized graphically in Figure 4. The initial
properties, that is, those of the uncorroded materials have been
included throughout for all of the sets of specimens as a "bvase
line" for comparison. In those cases in which the evidence of
the occurrence of intercrystalline attack was indisputable,

this feature has glso been indicated.,
V. Discussion

The results of the exposure tests have &efinitely shown
that sheet duralumin is not permanent under atmospheric expo-
sure under all conditions. As a general rule, no noticeable oT
significant changes have been noted in the »roperties of dura-
lumin when maintained under conditions such as render the chance
of the occurrence of corrosion very remote. The conclusion that
the impairment of the material which occures is the result of
corrosion, is believed to be fully warranted. Those cases in
which deterioration of the material under atmospheric exposure
occurs, very closely parallel the corresponding cases in the

laboratory corrosion tests. The variations noted in the inten-
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sity of the attack under atmospheric exposure according to cli-
matic conditions are in good accord with predictions based upon
the laboratory tests. Exposure to marine atmospheric condi-
tions is decidedly more effective in producing intercrystalline
corrosion than exposure to inland atmospheres. Likewise, other
conditione being the same, a warm climate is more sevére than a
cclder one.,

The susceptibility of sheet duralumin to corrosive attack
by the intercrystalline method was found to be intimately re-
lated to the method employed in the heat treatment of the mate-
rial, in both the exposure and accelerated corrosion tests.

The agreement as to the character of the results in the two cases
ig exceptionally good (Figure 4, gets 1-4 and 7-8). Without
question, the use of hot water or oil as a quenching medium for
the heat treatment of sheet duralumin is not to be recommended
for material which must withstand severe weather conditions,
despite the fact that the tensile properties of duralumin do not
differ noticeably according to the different quenching media
used. It will also be noted from Figure 4, that those mater-
ials which, after quenching, were aged at an elevated tempera-—
ture (for example, Set 6 and 36) or which were heated somewhat
after being allowed to age fully at Toom temperatufé (set 17)
are degidedly susceptible to intercrystalline corrosion. On

the other hand, it should be noted that corrosion of the more

familiar pitting type frequently occurred on materials which had
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been heat treated by approved methods, the drop in the tensile
properties, especially elongation, accompanying this type of
corrosion being quite marked in some cases (for example, Set 3).
0f the different variables in heat treatment, the subsequent
behavior of sheet duralumin is affected most by the quenching
rate and the aging treatment. The exposure test results have.
shown no difference in corrosion resistance resulting from vary-
ing the heating period prior to quenching. The results for
Sets 4 and 5 (Figure 4) show no difference in the corrosion de-
havior of duralumin sheet heated for 15 or for 60 minutes at
500°0 (930°F) prior to quenching.

If duralumin is quenched from a temperature somewhat velow
that at which the alloy constituents pass completely into the
solid solution condition, the tensile properties are not so
high as may be developed by using a higher quenching temperature.
The corrosion resistance may also be l;SS as shown by Set 10
(Figure 4).

Cold working of fully heat treated sheet duralumin did not
render the material noticeably prone. to intercrystalline attack
in the atmosphere (Sets 12, 13, and 14). This was true regard-
less of whether the cold-worked conditions was a local one, such
as produced by strefching.the central portion or reduced section
10 per cent, or a more uniform cold-worked condition produced

by cold rolling the erntire bar sufficiently to increase its

length 10 per cent. However, in the case whén the material was
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nct properly heat treated, cold working by stretching accentu-
ated the  embrittling intercrystalline attack (Set 18).

Variations in the composition of duralumin of the magnitude
indicated in Table II are of minor importance so far as the Te—
sistance of the material to intercrystalline attack is con-
cerned (Sets 30-25). The "initial" tensile properties of most
of these alloys are considerably lower than those of the ordi-
nary duralumin.after heat treatment and are less suitable for
this reason. forrcsion by pitting, however, in some seemed to
be accentuated; for example, Set 34, of relatively high iron
content, seems to be prone to this form of attack. No essen-
tial difference has been found, to exist in the sheet duralumin
made by different manufacturers if heat treated in the same
manner (Compare BT materials with the others in Figure 4), al-
though the composition often differs somewhat. Of the two al-
loys which differ markedly from the *duralumin compecsition,!
the one containing ccpper, alloy 353T (Set 26) has shown marked
intercryetalline attack, whereas in alloy 518 (Set 37) which
contains no copper, only.traoes of intercrystalline attack were
found after prolonged exposure to severe weather conditions.

The lack of permanence under exposure to the weather of
most of the coatings used (Sets 28-39, Figure 4) is in good
agreement with the indications of the laboratory tests. The use
of durglumin which had been heat treated by quenching in hot

water and, hence, quite susceptible to intercrystalline attack
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as a basis material for the application of the coatings has
proved very satisfactory. An earlier series of exposure tesits
of a somewhat preliminary nature had shown the desirability of
this, since if the duralumin sheet in 1ts uncoated state has a
high degree of resistance to corrosion, no conclusions.concern—
ing the real protective value of the coatings other than quali-
tative ones based upon visual inspection can be drawn.

fﬁe conclusion based on thé'laboratory results that of the
various coatings, a surface layer of aluminum is by far the

most dependable, has been borne out by the exposure tests on the
aluminum—-clad sheet. As is shown by Set 37 (Figure 4), however,
an aluminum pigmented varnish may give excellent results under
gsome conditions. That this is not always se, hcwever, is shown
by Set 38 (Figure 4).

Coatings consisting of a surface oxide film produced by the .
"anodic process" (Set 33) or closely related coatings foried by
chemical means (Set 30) are undependable. The application of
grease to such coatings at the outset, without subsequent ie—
newal of the grease, has not materially increased the protection
afforded by such coatings over the pericd covered by the fests
12 wonths). Likewise the use of a grease coating applied by rub-
bing which 1s then "bended" by the application of aluminum pow-
der has not proved entirely dependable for the entire period
during which the tests have been in progress. It is of interest

te note, however, that for the relatively mild weather conditions
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obtaining in- Washington and on the basis of which one might ex—
pect to draw nicer distinctions as to the merits of the coat-
ings, the clear varnish and the "oxide" types of coatings have
proved noticeably inferior to all of the others used.

In one important instance the weather exposure tests nave
not corroborated the laboratory tests. A rubber-like.coating
(thermoprene) pigmented with aluminum powder gave excellent pro-
tectiomr against corrosion toc duralumin in rather severe condi-
tions in the laboratery. The difference observed when exposed
to the weather is most probably to be attributed to a deterior-
ation of the matrix of the coating whick occurs desgpite fhe
aluminum pigment added to prevent this. (The results for this
type of coating are not given in Figure 4.)

In one rather important respect, weafﬁer—exposure tests
of the kind described in this report may not duplicate service
conditicens in all respects. Most aircraft parts, in servide,
are alwWways in a more or less stressed condition. Service tests
to show the effect of stress on the corrosion behavior of dura-
lumin parts are practically impossible, Laboratory tests on
this point, however, are in progress. In brief, the tests con-
sist in showing to what extent the tensile properties of sheet
duralumin are affected by corrosion when the metal is under
stress. Two general cases are deing considered (a) simple or
"gtatic" tension, and (b) repeated flexural stress, the corro-

slve attack teing carried out in the same kind of .solution and
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by the same wet-and-dry corrosion method (repeated immersions
at 15-minute intervals) as in the laboratory tests already car-
ried out. The results of these "stress—-corrosion" tests will
form the basis of a later report. On the basis of the close
narallelism which has already been found to exist between the
results of the exposure tests and the laboratory corrosion tests
of sheet durslumin, it is confidently expected that any pro-
nounced change in the results of the laboratory tests resulting
from the introduction of the variable of stress will be indica-
tive of a corresponding behavior of the material under service
conditions.

ViI. Sumwmarzry

le In a series of weather-exposure tests of sheet duralu—
min upon waich accelerated corrosion tests in the laboratory by
the wet-and-dry corrosion method in a sodium chloride solution
had already been carried out, a close psrallelism between the
results of the two kinds of tests was found to exist. Predic-
tions based upon the results of the laboratory tests were, with
but few exceptions, fulfilled in the exposure tests. In cases
of disagreement in such tests, the results of the exposure tests

are always accepted.

3. It has been shown by these tests that thé lack of perma-
nence or embrittlement of sheet duralumin which has been observed

in some of this material in service under some conditions is
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largely, if not entirely, to be ascribed to corrosion. A cor-
rosive attack of an intercrystalline nature 1s very largely re-
sponsible for the degree of embrittlement produced. In the ex-
posure tests, as indicated by the laboratory tests, the rate of
embrittlement was greatly accelerated by a marine atmosphexe

and by a tropical climate.

[

3. The tests, both in the laboratory and in the field,
were carried out upon full-size tension bars, the change in the
tensile properties being used as a measure of the effect of cor-
rosion. This method is, by far, the best in cases like the
present, in vwhich the tensile properties of the material undergo
material change without a corresponding change in surface ap-
pearance.

4. The exposure tests confirmed the laboratory tests in
showing that variations in composition of duralumin which do
not result in wide departure from the ordinary "duralumin compo-
sition" are of almost negligible importance so far as corrosion
behavior is concerned. Of the high strength aluminum alloys
which differ xaterially in composition frem duralumin, the alloy
containing copper as the principal alloying element was most

susceptible to intercrystalline attack.

5. Variations in the heat treatment procedure used for
duralumin appear to be major factors in determining the suscep-

tibility of the heat treated sheet to intercrystalline corro-
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sive attack during exposure to the weather and likewise in ac-
celerated corrosion tests. The quenching rate, as determined
by the use of cold or hot water or oil as quenching medla, and
the aging treatment (room-temperature aging vs. accelerated
aging) are the most important factors in this respect. The use
of hot water or o0il as a quenching medium for sheet duralumin
or an accelerated aging treatment is not, to be recommended for
duralumin which must withstand severe climatic conditions, such

as marine and tropical service.

6. (Cold working of properly heat treated sheet duralumin
by stretching or cold rolling does not affect very greatly the
susceptibility of the material to embrittlement by intercrystal-
line attack when exposed to the weather. With improperly heat

treated duralumin this factor is of much more importance.

7. The exposure tests have clearly shoﬁn that corrosion
of the more familisr or pitting type may occur with duralumin.
The effect upon the tensile properties although similar in char-
acter is, in most cases, decidedly less than that of the inter-
crystalline type. Sp far, it has not been pecssible to correlate
definitely the tendency of the alloy toward this form of corxro-
sive attack with any condition of the material resulting from

any particular heat treatment or other condition.

8. The determination of the permanence of coatings on dura-
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lumin under corrosive conditions, both in the laboratory or when
e xposed to the weather, has been most successfully done by ap-
plying the coating to tension bars of duralumin which had been
improperly heat treated and, hence, quite susceptible to attack.
The relatively rapid attack of the underlying or basis metal
following the "breakdown! of the coating was shown in the ten-

sion tests of such specimens after exposure.

9. 1In this way, it has been shown that aluminum ooétings
are, by far, the most dependablef The useful life of cleax
varnishes is very short, the addition of aluminum "pigment" in-
creases the pérmanence of the varnish very greatly. On the
other hand, the addition of aluminum pigment to rubber-like
coatings while decildedly successful in the laboratory, under
exposure conditions has not given satisfactory results. Surface
sxidation by "anodic! process and similaricoatings have no last-
ing protective value unless well gregsed, and even when greased
they have not proved to be resistant against severe exposure
conditions, although with milder exposure conditions fairly sat-
isfactory results have been obtained. Simple zrease coatings
"reinforced" with aluminum powder have given satisfactory serv-
ice under mild exposure conditions tut net entirely so for

severe (marine) conditions.

10. Weather-exposure tests of the kind described here,

while closely approximating service conditions, undoubtedly do
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not duplicate them. Tests are now in progress for the purpose
of showing how the corrosion behavier cf sheet duralumin may e
affected by a stressed condition coincident with the coTrTosive
attack. However, the difference in the rate of attack of the
material exposed to the weather in Washington and of similar
material exposed to marine atmospheris conditions is so clear
and the lack of permanence of most of the coatings used so un-
mistakable, that definite conclusions concerning the conditions
which underlie the lack of permanence cf duralumin and the pro-
tective measures which must be employed are believed to be fully

warranted on the basis of the results of these exposure tests.

Bureau of Standards,
Washington,  D. C.,

December, 10238.
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TABLE I. Sheet Alloys Used in Corrosion and Exposure Tests

pesignation . Commosition (per cent)*
of material General Nature of Material G Fe |51 | ¥n Mg | Cr | W1 | Pb | Ca |5a |7n
1787 Commercial alloy of the duralumin type (4.1 | .34} .32| .51 .6l|n.d.{n.d.{n.d. jo.d. n.d. b.4.
(A.S.5.T. Handbock)
BT Gommercial duralvmin (A.5.5.T. Handbook]3.9 | .51| .31| .B8| .60I<.08] ™ " " " "
258 Cormercial alloy skeet (described in
A.5.8.7. Handbook; 1929 ed., p.500) 4,2 .4510.9 .68} .10 " u L "
515 Cormercisl alloy sheet (deseribed in
A.5.5.7. Handbook; 1929 ed., p.500) 08 .38(L1.0 LOl] .61 w n we |0
A-1757 Commercisl alloy shest {described in
A.5.5.T. Hendbook; 1922 ed., p.500) (2.5 | .28! .24| .02 .40 it
B-1787 Commarcial alloy sheet (described in
A.S5.5.T. Eandbook; 1929 ed., p.500) |[3.7 | .36| .22| .02| .45 "
634 Prepared by mamufacturer for thls in-
vnRtLg'at'lnn e content highar than
in ordlnary duralumin 3.8 [1.15{ .24] .BO| .63 <.02
588 Prepared by mamufacturer for this in-
vestigation, intended as 2 "low-
copper! alloy 3.1 | .B5| .21} .50| .63 n.4.
I-1 Prepared by manufacturer for this in-
vestigation, low Fe-Si rafio 4.2 | .20| .20| .47 .47 n .04 neds n.dd ned.
1.2 Prepared by mamufacturer for this in-
vestigation. Hade from material of
high purity, low Fe and Si contents (4.2 | .88 .1C| .47} .bB2 n 1 L "
I-3 Duralumin type of alloy (L75) 4.2 .47 .34| .47 .50 n " " J

*Chemical analyses by J. A. Scherrsr, Chemist, Bureaw of Standards.
n.d. = not detected.

F0g "CON ®30N TBoTunoe] "V°O0°'V'N
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TABLE II. Weather—Exposurs Test Specimens.

;Zf’ Material* Treatment prior to exposure T .; . In}ﬂﬁiation D
Quenching | Time nching 1b./s8qg.in. Per cent
temperature| in bath Qu;edia Aging and coabing

1 17sT 5000¢ 16 min. water 0°C|aged at room temperature 62,300 20.0
2 " 15 0 m pEog; M omm " 63, 600 32.0
3 ft 1 15 © ] 100°%¢]| 0 > " it 63,200 22.0
4 " 8] BD O ] 26°0 ] r " ] 63,100 20.0
5 " n 15 0 " 0°C |aged 24 hours at 100°C 61,900 23.0
6 17ST 500°¢ |15 min. | water 0°C|sged 3 hours at 150°C 58,700 21.0
7 " n B " oil 0°C |aged at room temperature " 60, 8OO 20.0
B " " 15 " " 25%¢c| " v ® " 62,500 20,0

g 425°¢ |15 ¥ water 25°0| " v m " 42,500 20,0

10 " 60 " ! as¢| v M W m 48,400 19.0

11 1787 42500 6 hr. water 25°C|aged at room temperature 46,700 20.0

@2 500°0 |15 min, L 0°C |aged 1 hr. at room temp. and 56, 800 11.0

ptretched 104 in length

i3 500° [i5 * " 0°C |pged 56 hr. at room temp. and 65, 800 12.0

stretched 104 in length

14 v B00%¢ [15 M " 0°C |aged 3 weeks at room temp. and 70, 400 11.0

cold rolled 10% in length

16 178t 500°¢ 115 min. | water 100°C|aged 96 hr. ot room tempy and 85, 600 11.0

stretched 104 in length

17 500°% (15 " " 0°C |aged 96 hr. at room temp. and 58,100 20.0

heated 5 hr. at 135°C

18 BT 500°¢ {15 " 2590 laged at room temperature 63,700 20.0

19 BT " 15 oil 28°%f n w ¢ " 64,500 20.0

20 178T-A U |15 " water Q% " nm " 37,100 24,0

#See note next page.
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TABLE IT. Weather-Exposure Test Specimens (Cont.)
Set ® Initial
Yo. Material Treatment prior to exposure T T. 5. | Elongation (21
i i uenchi '
tﬁziﬁunﬁe i‘i l‘];zth X meg];ang Aging and coating 1b./sq.ind  per cent
21 1757-B 50°C |15 mim. [water 0°C|aged a% room iemperature 51,500 22.5
22 I-1 ft 15 0 “n 0% | I I | 1 59,000 20.5
23 I-2 ) 15 " t % | M noow y 52,400 20.0
24 634 " 15 L " 51,800 19.5
25 588 " 15 " " %y " mou " 51,700 20.0
26 25ST 520°C |15 min. |water 0°C | aged at room temperature 53, 600 20.5
27 5187 " 15 " " 0°c LA n 53, 700 27.5
28 17ST 600%C |15 ¢ f  100°C | coating, Or varnish + AL paint | 60,800 21.0
29 17sT f 15 " T 100°C | coating, pigmented oil 60, 700 21.0
30 BT t 15 " 100°C | coating, "JirotkaM 61,300 20.0
31 BT 500°¢ |15 min.  |water 100°C | coating, "Jirotka" + lanoline | 61,300 20.0
32 BY " 5 ¢ " 1000C | coating, emodic 62,400 20.0
33 BT " 15 " " 100°C | coating, anodic + lanoline 62, 600 20.0
34 I-1 " 5 " *  100°C | coating, grease + Al powder 59,700 20.0
35 I-2 ﬁ 15 i i 100%C | coating, Al pigmented varnish 60,000 31.5
36 2551 520°C |15-30 min. water aged 8-15 hr. at 140°C - 59,500 25.0
coating, Or varnish

37 25T 520°c |15-30 " aged 8-15 hr. at 140°C - 59, 400 21.0

. coabing, anodic + Al varnish '
38 I-3 500°0 15 " ¥ 100°C |aged at room temperature - 62,300 21.5

coating, grease + Al powder
39 Alcled . one As receive# 54,700 19.0
1787 _

*The materials were mads by the two American menufactursrs of duralumin, that desigmated as BT by one manu~
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TABLE III. Exposure Tests of Sheet Duralumin.

- e

tests (Series 1) was started Juna 4, 1926.
from HO(;L.S'_I_QOC from g fused nitrate

LRES L L R 8 Y i

All svecimens were heat-treated by quenching in

bath

,'I'ansila Properties
Set t orior to test to- Initiagl 5 months 11 months 17 months 23 months
No.| Tootment prior fo test Mt S, elong.|U.T.S. elong.|U.T.S. elong.|U.T.5. elosg.|0.T.5. elong.
(2!!) (2!1) (2“) (zll) (2")
1 | Heat-treated, no coating BD 61,500 19.5|57,200 18.0 58,100 13.0
1750 |60,000 20.5 56,400 19.5{57,400 19.0
2 | Heat~treated, stretched BD |61,700 15.0|58,700  8.5|58,700 12.5|56,700 10.0 )
44, no coating 1750 {60,000 17.0 59,100 13.0
3 | Black Valspar varnish BD |61,500 19.5 i
1780 |60,000 20.5(57,100 19.0{57,300 19.0{55,800 17.0|57,300 15.5
4 | Aluminum pigmented varnish{ BD |61,500 19.5
1750 | 60,000 20.5(58,600 19.0/57,900 19.5/58,000 17.0|55,200 18B.0
5 | Anodic oxidation treatment| BD |61,700 20.0
1750 | 61,000 20.0[59,600 20.0[60,400 19.5!58,300 19.0/59,600 18.0
6 | Same as (5) plus black BD |61,700 20.0|58,600 17.5/57,800 14.5|67,600 16.5
Valsper 1780 | 61,000 20.0 55,200 11.5
7 | Sand~blested, metal BD |58,200 19.0 57,400 17.b
sprayed with commercial |175Q [56,900 21.0{54,400 21.0{55,400 19.0 54,600 19.0
Al, then heat-treated
B | Same as (7) stretched 44 -} BD [58,300 15.0|58,400 13.5/58,200 15.9
no additional coating {1750 [59,100 15.0 54,400 15.5]55,600 15.0
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PABLE IXI. Exposure Tests of Sheet Duralumin {Cont.)

Tensile Properties

Set . Mate- Initial 5_months 1) months 17 months 23 months
No. Treatment prior to test rial |U.7.S, elong.|U.T.S. elong.|U.T.S. elong.|U.T.S. elong. [U.T.5. elong.
(21) (20) (2n) (2n) (2n)

9 |Same as (8) plus black BD {58,000 15.0|58,400 12.5|58,800 15.5|57,400 14.0(59,400 15.0
Valepar 1750 58,500 16,0/ - _

108 |As recelved, mo further I-3 |62,700 21.5|62,700 18.0|60,600 17.5{69,200 12.5;61,500 17.0
treatment :

10A|Like 10B, coated wlth 1-3 |62,500 21.0{62,200 21.0|60,800 21.5{€1,400 17.5/62,500 22.0

"bitumastic enamel,”
then metal eprayed
with Zn and Al .

Note: BD material furnished by Baush Machine Tool Compeny.

1780 o " %  Aluminum Company of Americea.

I-3 " # 1 Aluminum Company of America, is representative of commercial heat-treated
duralumin.
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WEATI—E.R EXPOSLRE TESTS OF SHEET DURALUMIN
A, O NONTESG; B, 1} MONTES; C, 4} MOWTES: D, 7} WOUTHES; R, 10§ MOFPES:
T, € WOYTES; X, 13 MOFTES; I 18 KONTES;

TESTS OF SHEET DURALUMIN

. PITTING YYPE
OF OORROSION

rig.4

3 PIP2ING TYPL OF CORROSION
TRACE OF INTIRCRYSTALLINE
@ FRONOUNCED IFTERCRYSTALLINE

CONTROL SPECMENS

o TROROUECED
RALLING
© NOR?HES
B, 1} WORTES
0, 4} uoNTES
D, 7§ MONTHS
E, 10} MOWTES
¥, & MONTEE
13 MONTES
18 MONTES
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Summary of the results of ths tests of
spscinens of the sars caterials exposed
to the weather in thres locations and
of the "oontrol® speoimens.

Refer %o Table II for treatment of. the
material prior to exposure.
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